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Current discussion of papers sponsored by the Hydraulics Division is presented as follows: 


Number Page 


197 Friction Factors for Turbulent Flow in Pipes, by Edward F. Wilsey. 
(June, 1953. Prior discussion: None. Discussion closed) 


Total Sediment Load Measured in Turbulence Flume, by P. C. Benedict, 


M. L. Albertson, and D. Q. Matejka. (August, 1953. Prior discussion: 
230. Discussion closed) 


Benedict, P. C., Albertson, M. L., and Matejka, D. Q. (Closure) ....... 


Analysis of Water Hammer by Characteristics, by C. A. M. Gray. 
(September, 1953. Prior discussion: None. Discussion closed) 


Hydraulic Fundamentals of Closed Conduit Spillways, by Fred W. 
Blaisdell. (November, 1953. Prior discussion: 491. Discussion closed) 


Graphical and Theoretical Analysis of Step-Drawdown Test of Artesian 


Wel, by M. I. Rorabaugh. (December, 1953. Prior discussion: 491. 
Discussion closed) 


Rorabaugh, M. I. (Closure)... .. 
Master Library List of Fluid Mechanics and Hydraulic Engineering Titles: 


Progress Report of the Committee on Research of the Hydraulics Division. 
(January, 1954. Prior discussion: None. Discussion closed) 


Backwater Effects of Open Channel Constrictions, by H. J. Tracy and 
R. W. Carter. (February, 1954. Prior discussion: 491. Discussion closed) 


Morning- Glory Shaft Spillways: Prototype Behavior, by J. N. Bradley. 
(April, 1954. Prior discussion: 491. Discussion closed) 


Morning-Glory Shaft Spillways: Performance Tests on Prototype and 
Model, by A. J. Peterka. (April, 1954. Prior discussion: None. 
Discussion closed) ; 


Reprints from this publication may be made on condition that the full title of paper, name 
of author, page reference (or paper number), and date of publication by the Society are 
given. 

The Society is not responsible for any statement made or opinion expressed in its publi- 
cations. 

This paper was published at 1745 S. State Street, Ann Arbor, Mich., by the American 
Society of Civil Engineers. Editorial and General Offices are at 33 West Thirty-Ninth 
Street, New York 18, N.Y. 
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DISCUSSION OF FRICTION FACTORS FOR TURBULENT FLOW IN PIPES 
PROCEEDINGS-SEPARATE NO. 197 


Georce A. Wuetstone,” A.M. ASCE.—The formulas proposed by Mr. 
Wilsey would seem to have the advantage of easy logarithmic computation as 
contrasted with the complex arithmetic operations implicit in formulas such 
as Eqs.4.and7. The proposed formulas do fulfill one of the criteria of a good 
engineering formula—the criterion of simplicity. This criterion, however, can 
also be complied with by use of a table or chart. Thus, an algebraic expression 
such as the Ganguillet-Kutter formula for open channels, 


0.00281 , 1.811 


41.65 + + 
1 (41.65 ) 


is, from the standpoint of the user who has a table, just as simple as the author’s 
formula which requires a table of coth (logio 2). 

A much more important engineering criterion is that of accuracy. Accept- 
ing Eq. 4 as perhaps the best expression for f in the transition range, it must 
be agreed that the results obtained by use of Eq. 5 agree closely with the 


results obtained from Eq. 4 for values of R ‘ that are between 25 and 2,000. 


Mr. Colebrook, however, imposed no such limits on the validity of Eq. 5 
but made the equation asymptotic to the smooth and rough pipe laws. The 
author’s statement (under the heading, ‘‘Development of the Formulas: 
Rough Pipes’’)—‘‘When the value of R Ad is less than 25, the computed friction 
factor rises abruptly, indicating a change in the type of flow’’—seems unwar- 
ranted. Nothing of physical significance is involved—the two different types 
of expression merely diverge for these values. 

The statement (under the heading, ‘‘Development of the Formulas: 
Smooth Pipes’’), ‘Eq. 6 illustrates that the minimum friction factor for a 
smooth pipe is 0.001,” is as misleading as would be the equally justifiable 
statements that Eq. 8 illustrates this limit to be 0.0032 and that Eq. 9 illus- 
trates the limit to be 0.0056. 

Table 2 indicates good agreement for values of R X 10-* between 6 and 
100. For values of R that are less than this range, Eq. 6 gives larger values 
than do other formulas, except for R equal to 60,000. A recomputation of 
this value indicates that it should be 0.0220 rather than 0.0217. 

Thus the formulas proposed by Mr. Wilsey have no claim to accuracy above 
that obtained from Eqs. 4, 7, 8, and 9 which they were intended to fit. Actually 
the author’s formulas have a range of validity that is much more restricted. 

Perhaps the greatest failing of the formulas is their apparent lack of 
rationality. In the writer’s opinion any significant advance in the practical 
treatment of pipe friction should follow the broad outlines given by Charles W. 
Harris,“ M. ASCE. 


12 Associate Prof. of Civ. Eng., Texas Technological College, Lubbock, Tex. 


8 “‘An Engineering Concept of Flow in Pipes,’’ by Charles W. Harris, Transactions, ASCE, Vol. 115. 


1950, pp. 909-958. 
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DISCUSSION OF TOTAL SEDIMENT LOAD MEASURED 
IN TURBULENCE FLUME 
PROCEEDINGS—SEPARATE NO. 230 


P. C. BENEDICT, 18 M. ASCE, M. L. ALBERTSON,!9 M. ASCE, and 
D. Q. MATEJKA,20 J.M. ASCE.—the authors—wish to express their apprecia- 
tion for the interest taken by Messrs. Corbett, Hansen, and Borland in present- 
ing additional information and constructive criticism. As pointed out in their 
discussion, the measurement of total sediment load in alluvial streams is 
fundamental in the development of river control and diversion works. The 
total load, together with a determination of specific weight, is of particular 
significance in planning the capacity of storage reservoirs. Similarly, infor- 
mation regarding the quantities and size distributions of sediment transported 
by a stream is a requirement for the design of efficient sediment disposal 
works. This requirement is well illustrated by figure A, which shows a part 
of the desilting works, near Genoa, Nebr., of the Loup River Public Power 
District. The District indicates that about 450 acre-feet of sediment was 
added annually to their disposal area during the period 1946-52.21 

The Middle Loup River at Dunning, Nebr., provided a site for the turbulence 
flume where 98 percent of the bed material ranged from 0.062 to 4mm. The 
range of material available for transport eliminates any appreciable error 
that might be the result of the size of the intake nozzle of the U. S. ‘DH-48 
sampler. Measurements with a 3/16-inch diameter nozzle gave results not 
distinguishable from results obtained with a 1/4-inch nozzle. Therefore, the 
3/16-inch nozzle was used because of the longer sampling interval. 

The U. S. D-43, U. S. DH-48, and U. S. D-49 samplers were designed to 
sample within 0.38 ft, 0.29 ft, and 0.34 ft of the stream bed, respectively. In 
actual field practice the efficiency or accuracy in collecting sediment samples 
depends on the stream channel characteristics, sampling equipment, and 
sampling techniques.16, 22, 23 

The authors wish to further emphasize the suggestions made by Corbett, 
Hansen, and Borland in the last paragraph of their discussion. The data ob- 
tained at the turbulence flume are adequate to define the sediment in transport 
at Dunning. However, these data must be correlated with hydraulic and sedi- 
mentary characteristics of the stream to develop satisfactory methods for ob- 
taining reasonably accurate estimates of the total load at other sections or in 
other streams. In addition, studies should be made of the relationship between 
the secondary circulation (transverse flow) within the stream and the shape, 
orientation, and movement of the dunes. 


18. Regional Eng., U. S. Geological Survey, Lincoln, Nebr. 

19. Prof. of Civ. Eng. and Head of Fluid Mechanics Research, Colorado Agri. 
and Mech. College, Fort Collins, Colo. 

20. Hydr. Eng., U. S. Geological Survey, Lincoln, Nebr. 

21. Personal communication, dated August * 1954, from Mr. Royal S. Clark, 
Chief Hydraulic Engineer. 

16. Ibid. Reports 1, 3, 6, and 8. 

22. Measurement and analysis of suspended sediment loads in streams, by 
Martin E. Nelson and Paul C. Benedict, Transactions, ASCE, Vol. 16, 1951. 
p. 841. 

23. The efficiency of depth-integrating suspended-sediment sampling equip- 
ment, by Ning Chien, Transactions, AGU, Vol. 33, 1952, p. 693, Discussions 
by R.F. Kreiss and B.R. Colby, and by Ning Chien, Vol. 34, 1953, p. 796. 
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b. Electrically operated dredge in desilting basin. 
Disposal area in background. 


Fig. A. Desilting works, Loup River Public Power District, 
Genoa, Nebr. 


7a a. Outlet of discharge pipe. : 
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DISCUSSION OF ANALYSIS OF WATER HAMMER BY CHARACTERISTICS 
PROCEEDINGS-SEPARATE NO. 274 


Pin-Nam Lin.*—In 1947, J. Lamoen presented an application of the theory 
of characteristics to the analysis of water-hammer problems.’ Mr. Lamoen’s 
treatment was concerned with the following: 


1. The case of negligible resistance and kinetic energy. Equations of 
characteristics were derived, and two equations were shown to be another form 
of the two equations forming the basis of the Schnyder-Bergeron graphical 
method. 

2. The case of negligible kinetic-energy terms, but with the resistance 
term considered to be proportional to the mean velocity. 

3. The case of negligible kinetic-energy terms, except that the resistance 
term was considered to be proportional to the square of the velocity. Numer- 
ical examples were given for the various cases, and the effect of the kinetic- 
energy term was elaborated upon. 


The derivations given in Appendix I do not include the elasticity of the 
pipe wall. This inclusion is often desired in practical applications. When 
the elasticity is taken into account, the derivation of the equation of continuity 
is modified to the form: 


and 


ou 9 _ (oh, oh 
ie ) been evi.ses ee (34d) 


in which £ is the modulus of elasticity of the pipe material and 6 is the thickness 
of the pipe wall (assumed to be small in comparison with d).* 

Eqs. 18 are of the same form as a pair of equations solved for the problem 
of unsteady flow in open channels. Both graphical®® and semigraphical" 
methods of solution are available for this case. These methods could be 
adapted to the study of water-hammer problems. 


6 Asst. Prof., Dept. of Civ. Eng., Colorado Agri. and Mech. College, Fort Collins, Colo. 
7 “Le Coup de Bélier D’Allievi, Compte Tenu des Pertes de Charge Continues,” by J. Lamoen, Bulletin, 


Centre d'Etudes, de Récherches et d’Essais scientifiques des Constructions du Genie Civil et d’Hydraulique 
~~ Tome Ii, Dosoer, Liége, Belgium, 1947, pp. 355-382. 


enema Engineering Analysis,’ by R. Oldenburger, Macmillan & Co., New York, N. Y., 
1950, Chapter 1 


* “Calcul + ee des Régimes Variables dans les Canaux,”’ by A. Craya, La Houille Blanche, 
No. 1, November, 1945, p. 37. 


10 ‘*Flood Routing,” by B. R. Gilcrest, in Hydraulics,”’ edited by Hunter Rouse, John 
Wiley & Sons, Inc., New York, N. Y., 1950, Chapte 


11 “‘Numerical Analysis of Continuous Deiiieliy bl in Open Channels,” by Pin-Nam Lin, Trans- 
actions, Am. Geophysical Union, Vol. 33, 1952, pp. 226-234. 
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Henry M. Paynter,” J. M. ASCE.—The writer is impressed by Mr. 
Gray’s excellent presentation of the principles of the method of characteristics 
as applied to elastic plane-wave problems. However, not enough credit has 
been given to earlier investigators such as: (1) Bernhard Riemann, who de- 
vised the mathematical techniques described for this very problem; (2) 
Junius Massau, who innovated the graphical techniques for the solution of 
wave-propagation problems;''5 (3) O. Schnyder, who independently arrived 
at these constructions through the work of Lorenzo Allievi;'* and (4) Louis 
Bergeron who extended these graphical techniques still further.!’"* 

The author commented on the incorrectness of the kinetic-energy assump- 
tions of previous investigators but made no reference to the pertinent papers 
by D. Gaden and Mr. Schnyder” and Mr. Riemann." These references are 
cited so that interested persons can avail themselves of some of the wealth of 
information contained in the prior studies of the problem. 

As to the practical application of the graphical-characteristics techniques, 
it is believed that the conventional methods of combining pipe-friction losses 
at one or more points along the pipe have a sound rational basis. It is clear 
(from Mr. Gray’s presentation) that, for all normal cases of water hammer in 
pipes and conduits, u is much smaller than c, and that, therefore, the character- 
istic equations are represented by Eqs. 10. ’ 

From Eqs. 10 it can be seen that the total variations in head can be written 
(by replacing c dt by + dz) to give, along the C,..-curve— 


and along the C,,.,-curve— 


If Eqs. 35 are integrated along the entire characteristic, the results can 
be written as 


‘2 Asst. Prof. of Hydr. Eng., Dept. of Civ. and San. Eng., Massachusetts Inst. of Technology, Cam- 
bridge, Mass. 
13 “Uber die Fortpflanzung ebener Luftwellen von endlicher Schwingungsweite,” by Bernhard Riemann, 
eee. Gesellschaft der Wissenschaften Zu Géttingen, Mathematische—physikalische Klasse 8, 
ol. DU. 


“4 “L'intégration graphique,” by Junius Massau, Annales, Association des Ingénieurs sortis des Ecoles 
Spéciales de Gand, Vol. 12, 1889, p. 435. 
18 ‘Mémoire sur l'intégration graphique des équations aux dérivées partielles,"’ by Junius Massau, 
thid., Vol. 23, 1900, p. 95. 
in Pumpenleitungen,”’ by O. Schnyder, Schweizerische Bauzeitung, Vol. 95, 1929, Nos. 
and 23. 
17“Méthode graphique générale de calcul des propagations d’ondes planes,’’ by Louis Bergeron, 
Mémoires, Société des Ingémeurs Civils de France, 1937. 
_18“Du coup de bélier en hydraulique au coup de foudre en electricité."’ by Louis Bergeron, Dunod, 
Paris, France, 1940. 
19“*Des hypotheses admises pour |’établissement des équations du coup de bélier dans une conduite a 
caractéristique unique,"’ by D. Gaden and G. Darrieus, Réoue Générale de l' Hydraulique, May 12, 1939. 
»“Coups de bélier des petites et des grandes amplitudes dans un milieu fluide animé d'une vitesse 
d’écoulement de valeur faible ou élevée,”” by D. Gaden and O. Schnyder, Bulletin Technique de la Suisse 
Rumaude, July 8, 1944. 
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respectively. In Eqs. 36 


Az At n 


and h; a, is the average value of the total head lost along the respective char- 
acteristic. 

From Fig. 9 in which the pipe friction has been concentrated at a single 
point at the upstream end of the pipe, it can be seen (Fig. 9(a)) that the effect 
of the pipe-friction loss is determined quite closely by the illustrated process. 


Reservoir Level 
Valve 


(a) VELOCITY-HEAD (b) SCHEMATIC (a) VELOCITY-HEAD (b) SCHEMATIC 
DIAGRAM DIAGRAM DIAGRAM DIAGRAM 
Fic. 9.—Friction Loss ConceNTRATED Fic. 10.—Friction Loss ConCENTRATED 
aT One Pornt aT Severa Pornts 


In this case, the measure of hy az is obtained by assuming that, for the round- 
trip time of the wave, the average value of h; 4, is approximated by the value 
of the head loss for the mean flow, or more specifically, the flow at the up- 
stream end at the middle of a time increment of 2 L/c sec. 

This is precisely the approach used by practitioners in this field. These 
engineers also group the losses at the downstream end or, more generally, at 
two or more points along the pipe to secure a better estimate of the frictional 
effects. A sample construction of this type is shown in Fig. 10. 

It appears that, although the procedures described by Mr. Gray and those 
previously described have a common logical foundation, the latter construc- 
tions are more intuitively conceived and therefore more readily comprehended. 
Such constructions are less likely to cause error or confusion, although faster to 
apply. 

Although the utility of the Schnyder-Bergeron-Angus graphical procedures 
is universally appreciated, prior to the appearance of Mr. Gray’s paper the 
relationship of graphical approaches to the method of characteristics was not 
generally known, despite the applications of Mr. Massau’s techniques to free 
surface flow and to the unsteady flow of gases. The author also deserves credit 
for drawing to the attention of English-speaking hydraulic engineers the fact 
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that the effects of kinetic energy and distributed friction loss are simply ac- 
counted for within these methods. It should be equally clear from Mr. Gray’s 
work (and from the cited references) that the effects of nonlinearities and non- 
uniformities on plane-wave propagation in all media can be studied with 
facility. 


C. A. M. Gray,” A. M. ASCE.—The discussions offered by Messrs. Lin 
and Paynter have been primarily concerned with a bibliography on the analysis 
of the water-hammer problem by characteristics. It was believed that the 
treatment of hyperbolic partial differential equations by the method of charac- 
teristics or by Mr. Rieman’s method required no further reference. However, 
further treatment (in English) of hyperbolic equations is available.” The 
application of the method of characteristics to open-channel flow has been 
investigated .™ 

It is not claimed that the treatment presented should replace the usual 
consideration of friction, but this method does allow intuitive derivation to 
be placed on a more exact basis and also allows some estimate of the approxi- 
mation to be made. For example, in Fig. 9, the integral of Eq. 37 is only 
approximated by the velocity at the middle of the time interval 2 L/c because 
the correction is small. This fact is shown readily by use of the zt-diagram 
which should be drawn in all cases as it identifies what is occurring in the hv- 
plane. | 


To derive a mathematically correct basis for the usual engineering approxi- 
mation of friction joints, one must consider the two characteristics through : 
some point (point 2) in the zt-plane; it must also be assumed that these charac- 


teristics pass through points 1 and 3 which lie on the C,..-characteristic and 
C neg-Characteristic through point 2, respectively. It is further supposed that 
the values of u and A are known at these points. j 

Integrating along the C,..-curve, there results from Eq. 10, j 


and along the C,.,-curve, 


ut = 


21 Senior Lecturer, Univ. of Sydney, Sydney, Australia. : 
22 ‘Partial Differential of Mathematical Physics,” by A. G. Webster, Hafner Publishing 
Co., New York, N.Y., 
“Supersonic Flow — oer Waves,” by R. Courant and K. O. Friedrichs, Interscience Publishing, 
Inc., “New York, N. Y., 1948. 
“The Formation P Breakers and Bores,”” by J. J. Stoker, Communications in Applied Mathematics, 
New York Univ., New York, N. Y., Vol. 1, 1948. 
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Thus, all results originally presented are correct, provided K’ is substituted 
for K. 


= te — th. Then, if 


and 


Eq. 38 becomes 


and Eq. 39 becomes 


Along the characteristics from point 1 to point 2 and from point 2 to point 
3, friction can be neglected, provided it is concentrated at the joints at points 
1, 2, and 3. At these points there will be a discontinuity in h which is given 
for point 2 by 


in which Le; and Liz denote z3 — x: and x, — 2, respectively. Thus, the 
analysis of friction can be performed to any degree of approximation by the 
use of friction-joints. It is to be noted from this analysis that there should 
always be joints at each end of the pipe. An alternative procedure based on 
the solution of Eqs. 38 and 39 by a method of successive approximation has 
been applied to some results.?* 

Concerning Mr. Lin’s question regarding wall elasticity, the speed of the 
surge (an abrupt discontinuity) is the only quantity affected; Eqs. 22 and 
30 are correct. However, the pressure-density relationship of the fluid must 
be modified, and Eq. 25 can be written as 


in which 


2 ‘The Dissipation of Energy in Water Hammer,” by C. A. M. Gray, Australian Journal of Applied 
Science, June, 1954, pp. 125-131. 


in which the integrals have been evaluated by the trapezoidal rule and te 
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DISCUSSION OF HYDRAULIC FUNDAMENTALS 
OF CLOSED CONDUIT SPILLWAYS 
PROCEEDINGS—SEPARATE NO. 354 


FRED W. BLAISDELL, } M. ASCE.—The writer is indebted to the discussers 
for their interesting comments. 

Application of the methods outlined to the design of flood control conduits 
through large dams, as mentioned by Mr. Allen, is a use that had not previ- 
ously occurred to the writer. The methods can probably be applied to other 
problems also. 

The method of determining the location of the hydraulic control, as given 
by Mr. Allen, is theoretically correct. The writer would like to inject a note 
of caution here in regard to whether the geometry of the structure will permit 
the conduit to fill, thus nullifying the theoretical computations. If the edges of 
the conduit intake are square-edged—an unlikely condition for a flood control 
conduit operating under a high head—the condition of full flow might never 
occur. Mr. Li mentions this point in his discussion. The control with the 
inlet submerged then would be an orifice at the inlet with the conduit flowing 
only partly full. 

In one type of drop inlet spillway tested by the writer, four different hy- 
draulic controls existed at various times: (1) weir at the drop inlet entrance; 
(2) orifice at the drop inlet entrance; (3) short tube flow with the drop inlet 
full and the barrel partly full; (4) full pipe flow. The control which dominated 
at any one time was impossiblw to predict since three controls, each giving 
different discharges through the spillway, existed at certain reservoir water 
levels. This point is mentioned in the paper when discussing the curves of 
Figure 2(b). However, knowing the control, it was possible to compute the 
flow by one of the four equations. 

Obviously, this is a poor type of design. It is cited to show that the control 
must be known before computations are initiated. At the present time (1954) 
the writer knows of no way to determine the actual control other than by actual 
test in the laboratory or in the field. 

Mr. Allen’s caution that instantaneous pressures fluctuate about average 
pressure as represented by the hydraulic grade line should be noted. Each 
engineer must evaluate the permissible reduction of the average pressures. 

If the average absolute pressure is close to the vapor pressure, it is possible 
for fluctuations in pressure to reduce momentarily the instantaneous pressure 
to the point where cavitation is likely. 

Mr. Collins’ discussion of the siphons in the northern California delta is 
interesting. No mention is made as to how these siphons are initially primed. 
Since velocities in the siphons are apparently so low that accumulated air is 
not swept out, they presumably must be primed artificially. This would re- 
quire submergence of the outlet, unless a valve were located there. Again, if 
velocities are so low that air is not swept out naturally, it is possible for air 
to wedge up the pipe and break the siphon action. Some factors that deter- 
mine the occurrence of the air wedge have been noted by Mr. Collins. In 


1. Project Supervisor, Agri. Research Service, U. S. Dept. of Agriculture, 


St. Anthony Falls Hydr. Laboratory, Minneapolis, Minn. 
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contrast, siphon spillways used to discharge flood waters2 are self-priming. 
The closed conduit spillways described by the writer are also “self-priming” 
in that the air is exhausted naturally. This explains the differences in per- 
formance of the low-head siphons described by Mr. Collins, which must be 
submerged to maintain their prime, and the closed conduit spillways, which 
fill even though the outlet is not submerged. 

Concerning the efficiency of the system, it is, of course, necessary to 
carry the outlet down to the tailwater level or below to make use of all of the 
available head and to make certain that the low-velocity siphons mentioned by 
Mr. Collins will maintain their prime. It is not necessary to submerge closed 
conduit spillways to maintain their prime, and frequently it is not feasible to 
discharge the outlet below tailwater level. There are many reasons for this 
lack of feasibility. Among them are danger of clogging by sediment in the 
smaller sizes, inability to determine the tailwater level accurately, unstable 
grade in the downstream channel, heads so great that cavitation is likely, and 
so forth. Each site must be independently analyzed to achieve the most eco- 
nomical and satisfactory solution. The writer would thus define efficiency 
here. 

The outlet shown in Figure 1(b) cannot be considered as submerged: the 
upper half of the jet is plainly visible. The apron onto which the water falls 
does not contribute to submergence. The high water seen along the sides of 
the outlet is a wave caused by the streain landing on the outlet floor and does 
not extend upstream to the point where the conduit pierces the outlet headwall. 

Laboratory tests, skillfully performed and interpreted, have been shown 
repeatedly to predict accurately the performance of a prototype. The same 
reliable results can be expected from tests of siphons and closed conduit 
spillways. The writer feels Mr. Collins need have no questions in this re- 
spect. The recent paper by A. J. Peterka,3 A.M. ASCE, shows excellent 
agreement between the model and prototype tests made on the Heart Butte 
Spillway. Other similar results could be cited. 

Mr. Li’s Figure a is interesting, showing, as it does, the relationship for 
all flow conditions. A similar graph could be computed for a square-edged 
entrance. However, a short pipe or a pipe on a steep slope would probably 
not flow full. Therefore, caution should be observed for other than the 
rounded entrance graph presented by Mr. Li, unless the theoretical assump- 
tions are experimentally verified. In the example cited by Mr. Li where 


sh'/3 /_? = 800 and q/n?/2 = 3.0, it appears that a third pipe with D - 0.67, 
approximately, could be used. This pipe would have pulsating flow. 

The terms shown in Figure a can be derived from the Manning formula. 
In that formula s is the slope of the energy grade line and not necessarily 
the slope of the invert. As pointed out by Mr. Li, Figure a is valid for only 
one length of pipe unless the invert slope and the friction slope are identical. 

The writer agrees with Mr. Li that the pressure is not hydrostatically 
distributed at the plane of the conduit outlet and that it is hydrostatically 
distributed a very short distance upstream from the outlet. Moreover, a very 
short distance downstream from the outlet, the pressure in the unsupported 
jet is uniform and atmospheric. The hydraulic grade line can meet the crown 


2. “On the Behavior of Siphons,” by J. C. Stevens, Transactions, ASCE, 
Vol. 99, 1934, pp. 986-1011. 

3. *“Morning-Glory Shaft Spiliways: Performance Tests on Prototype and 
Model,” by A. J. Peterka, Proceedings, ASCE, Vol. 80, Separate No. 433, 
April, 1954. 


538-12 


4 
ay ] 4 

‘gt 
aa 

‘ 

4 
: q 
| 
q 

| 

4 
ie 

: q 
f 
2 
Pe 
q 
{ 

4 


“Two Decades of Hydraulics at the University of Iowa,” by F. T. Mavis, 
University of Iowa, Studies in Engineering, Bulletin 19, May, 1939, pp. 14-16. 


of the outlet only when the pressures are hydrostatically distributed, and this 
can occur at a culvert outlet only if the stream is supported on the bottom and 
both sides, the top being open to atmospheric pressure. 

Tests conducted by the writer’s associates at the St. Anthony Falls Hydrau- 
lic Laboratory and other locations, as well as University of Iowa tests,4 have 
shown that if the hydraulic grade line within the conduit, as determined from 
piezometric observations, is projected to the outlet, the hydraulic grade line 
pierces the plane of the outlet in the vicinity of the conduit centerline. The 
writer feels, with Nolan Page,5 that the exact point has not yet been precisely 
determined for all conditions of flow but approaches the centerline as the 
velocity increases. For most practical purposes, the head should be measured 
to the outlet centerline for full flow. There will be exceptions to this rule in 
special cases, one case being mentioned above, and each designer should keep 
this in mind when making his computations. 

The method of determination of the minimum pressure presented by Mr. Li 
is correct in general. However, if, as Mr. Li correctly assumes, the loss up- 
stream of the vena contracta is negligible, then K, would drop out. A term 


-D/2 should be added to the equation as noted above. Mr. Li’s equation then 
reduces to Equation 5 where h,,/(V2/2g) =1l-a, z= sf{+D/2, and 

hy =- Sef. The method requires knowledge of the contraction coefficient which 
may in some cases be determined by theoretical or analytical procedures. 
However, the geometry of many entrances is asymmetrical and the use of 


experiments to determine the value of a becomes necessary. Theoretical 
values of « , computed using the methods outlined by C. M. Harris,® might 


vary from a minimum of one (h,/ (v2/2g) = 0) for a well-rounded entrance to 

a maximum of four (h,/V2/2g) = -3) for a re-entrant entrance. Values of 
h,/(V2/2g) in the vicinity of -1.3 (a - 2.3) have been observed by the writer 
for a square-edged entrance. These values agree well with the theoretical 

h,,/ (v2/2g) value of -1.27 computed by Mr. Harris and checked experimentally 


by him. 
The possibility of the minimum pressure occurring at a point other than the 
vena contracta should not be overlooked. A vertical bend in a broken-back 
culvert having an initial slope less than the friction slope and a final steep 
slope would make this a possibility. 
In closing, the writer wishes to thank the discussers for taking time to 
make their interesting comments. 


5. Loc. cit., p. 16. 
6. ‘Hydraulic Flow Characteristics of a Square-Edged Intake,” by C. M. 
Harris, University of Washington, Engineering Experiment Station, 

Bulletin No. 61, March 15, 1932. 
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DISCUSSION OF GRAPHICAL AND THEORETICAL ANALYSIS 
OF STEP-DRAWDOWN TEST OF ARTESIAN WELL 
PROCEEDINGS--SEPARATE NO. 362 


M. I. RORABAUGH, ! A.M. ASCE.—The discussions by Messrs. Kazmann 
and Kashef are important contributions to the problem of head loss in and 
near wells. The most important conclusion reached is that there is a great 
need for research in the various phases of hydraulics of wells and well 
design. 

Mr. Kazmann suggests that additional data from the various tests would 
be useful. The author has been collecting step-test data for some time for 
the purpose of statistical analysis. Because of the many variables and com- 
binations of conditions met in the field it is felt that sufficient data are not 
yet available to extend the analysis. The tests cited represent a variety of 
field conditions—artesian, water table, river source, slow drainage, partial 
penetrating wells, wells screened intermittently in multiple aquifers, and 
gravel-walled wells. Sound computation of Q- (critical discharge) is not 
possible in most of the tests because of uncertainties in various terms in 
equation 16. 

In the northeast Louisville test the 30-foot screen was of welded spiral- 
wrapped construction with 15 feet of 0.10-inch slot and 15 feet of 0.02-inch 
slot, or a total screen-opening area of 28.6 square feet. For the critical 
discharge of 0.75 cfs, and allowing no obstruction by sand or gravel, the 
velocity would be 0.026 feet per second, which is in the lower part of the 
range suggested by Kazmann for the velocity just outside the screen. Ob- 
viously, the screen area will be partially reduced by sand and gravel and true 
velocity will be somewhat higher. 

That the critical velocity for this example is significantly lower than 
values cited in the literature indicates need for further study. If design is 
to be based on laminar flow, velocity is only one element for consideration. 
The critical Reynolds number, which includes grain size (or slot size of 
screen) and viscosity in addition to velocity, appears to be the most logical 
approach to design problems. It should be noted that for a given Reynolds 
number, the critical velocity in 0.01-inch material is 10 times that for 0.1- 
inch material. Inasmuch as grain size or slot size is just as important as 
velocity in the Reynolds number, design based on velocity and area of screen 
opening as a guide can produce only approximate results. 

Mr. Kashef introduces a very important item in his discussion of the 
large difference in drawdown at the pumped well computed by the Theis 
method and by numerical methods. He finds that the drawdown calculated 
by numerical methods is less than that determined by the Theis method. In 
most field tests, the measured drawdown in the pumped well has been greater 
than that computed by the Theis equation. If further investigations confirm 
the results obtained by numerical methods, then the head losses in and near 
the well, and the opportunity for more economical design, would be greater 
than heretofore considered. 


1. Dist. Engr., U. S. Geological Survey, Ground Water Branch, Louisville, Ky. 
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DISCUSSION OF MASTER LIBRARY LIST OF FLUID MECHANICS 
AND HYDRAULIC ENGINEERING TITLES: PROGRESS REPORT OF 
THE COMMITTEE ON RESEARCH OF THE HYDRAULICS DIVISION 
PROCEEDINGS—SEPARATE NO. 380 


FRANK B. CAMPBELL,! M. ASCE.—The committee members have had 
considerable correspondence regarding correction and improvement of the 
progress report. Suggestions for the correction of errors and omissions 
have been made by C. E. Kindsvater, M. ASCE, S. Kolupaila, Esq., and H. 
Rouse, M. ASCE. The errata occur principally in the foreign language lists. 
The list of corrections included with this discussion deal with errors in 
spelling and errors or omissions regarding the publisher, the latest edition 
and the year of publication. Diacritical marks were omitted from the origi- 
nal list and will not be included in the list of corrections which follow. An 
“e” has been added in authors names where required to give the English 
equivalent of the German umlaut. It should be mentioned that the French 
capitalize only the initial letter of the first word in titles, whereas the list 
as published employed standard capitalization practice as used in English. 
Suggestions have been received for a number of new titles to be added to 
the list. In view of the fact that Proceedings—Separate No. 380 is a progress 
report, the addition of new titles is deferred until a second progress report 
may be prepared. 


Corrections— Part I Fluid Mechanics and Hydraulics (English Language) 


Page 1 “Daugherty” should be “Daugherty, Ingersoll’, under title “Hydrau- 
lics” should be “Fluid Mechanics”, under edition “4th”? should be 
“5th”, and under year “1937” should be “1954”. 


After “Durand, Others” the publisher should be “Springer, Berlin”. 
Under publisher should be added “Cal. Tech. (Reprint)”, “1943”. 


Page 2 After ‘Gaillard” and under publisher should be added “Ft. Belvoir, 
Va.” 


After *Jones” and under title should be added “and Fluid Mechanics”. 
After “Lewitt” and under year, “1939” should be “1952”. 
After “Ower” and under title should be added ‘ Flow’. 


“Purdy” should be “Purday” and under publisher should be added 
“New York (Reprint)”. 


Page 4 After *Boussinesq” and under title “Courant” should be “Courantes”, 
under publisher “Acad. Sc., Paris” should precede “France”, under 
edition should be “1st” and under year, “1872” should be “1878”. 


After “Bresse” and under title “Mechanique Applique” should be 
“Mechanique Appliquee”, under publisher “Gauthier, Villars” should 
precede “Paris”, and under edition should be “3rd”. 


1. Member, Committee on Research. 
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After “Crousse” and under title “Decouverte” should be “Decouvertes” 
and under edition should be “ist”. 


After “Darcy, Bazin” and under title, “Hydraulique” should be 
“Hydrauliques”, under publisher, “Dunod” should precede “Paris” 
and under edition should be “1st”. 


After ‘D’Aubuisson” and under title “Hydraulique” should be 
“d’Hydraulique’, under publisher * Levraut” should precede “Paris” 
under edition should be * 2nd” and under year “1834” should be 
“1840”. 


After ‘Da Vinci” and under edition should be “1st” and under year 
“1828” should be “1643”. Also under publisher should be added 
“1st. Vinciano (Reprint)”, and under year should be “1923”. 


After “Dubuat” and under title “de Hydrodynamique” should be 
“d’Hydrodynamique” and under edition should be “2nd”. 


After “Eck” and under edition “3rd” should be “4th” and under year 
“1949” should be “1954”. 


After “Escande” and under title “Vol. 1” should be added to ihe first 
line and under publisher *Privot” should be “Privat”. 


After “Flamant” and under publisher “Beranger” should precede 
“Paris” and under edition should be “4th”. 


After “Giles, Karman, Hopf” and under edition should be “1st” and 
under year should be “1930”. 


“Karman, Cevita” should be “Karman, Levi-Cevita”, and under 
publisher ‘Berlin” should be added, under edition should be “1st” 
and under year should be “1924”. 


“Kaufman” should be “Kaufmann”, under title should be added 
“2 Vol.” and under publisher should be added “Berlin”, under edi- 
tion should be “ist” and under year should be *1934”. 


“Muller” should be “Mueller”, under publisher “Springer, Berlin” 
should be “Akad. Verlag, Leipzig”, under edition should be ‘1st” 
and under year should be “1932”. 


“Muller” should be “Mueller”, under edition should be “1st” and 
under year should be “19287. 


After “Nemenyi” and under edition should be “1st” and under year 
“1931” should be “1933”. 


After *‘Prasil” and under publisher should be added “Berlin”, under 
edition should be “2nd” and under year should be “1926”. 


“Schafer” should be “Schaefer”, under publisher, “Springer, Berlin” 
should be “Franckh, Stuttgart” and under edition should be “1st”. 


After “Schiller” and under title “Books 1, 2, 3, 4” should be deleted, 
under publisher *Akadem”, should be “Akad.” under edition should 
be “lst” and under year should be “1932”. 


After “Tison” and under publisher should be “Centerick, Louvain”. 
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After ‘Von Mises” and under title “Technische Hydromechanic” 
should be “Technischen Hydromechanik”, under edition should be 
“1st” and under year “1941” should be “1914”. 


After ‘Weisbach” and under title “Hydraulik” should be “Die 
Experimental Hydraulik’, under publisher should be “Engelhardt, 
Freiberg, Sa.”, under edition should be “1st” and under year should 
be ©1855”. 


After “Van Risum” and under title “Naturalichen Waserlauffen” 
should be “Naturlichen Wasserlaufen”. 


Corrections— Part II Hydrology and Hydraulic Engineering (English Language) 
Page 6 “Ayres, Scoages” should be “Ayres, Scoates”. 


After “Freeman” and under publisher “Am. Soc. Civil Engrs.” 
should be ‘Am. Soc. Mech. Engrs.” 


Page 7 After “Grover, Harrington” and under title “Streamflow” should be 
“Stream Flow”, and under edition should be “1st”. 


After “Humphreys, Abbott” and under edition “1st” should be “2nd”. 
“Israelson” should be “Israelsen”. 


After ‘King” and under edition “3rd” should be *4th” and under year 
“1939” should be “1954”. 


*“Lecte, Cheyne” should be “Leete, Cheyne”, under edition should be 
“1st” and under year should be “1924”. 


Page 8 After ‘Parker” and under year should be “1925”. 
After ‘Schoklitch” and under edition should be “1st”. 


After second “U. S. Bureau of Reclamation” reference and under 


title “Manual for Measurement of Irrigation Water” should be ‘Water 


Measurement Manual” and under year *1947” should be “1953”. 
After “Williams, Hazen” and under year “1920” should be “1933”. 


Page 9 After “Franke” and under publisher “Frankh’sche Verlag” should be 
“Franckh”, under edition should be ‘1st” and under year should be 
“1950”. 


After “Kempf-Foerster” and under publisher, * Freunde and Forderer 


der Hamburgischer” should be “Hamburg Schiffbau Versuchsanstalt” 
and under year should be “1932”. 


After “Parde” and under title “Potomologie” should be “ Potamologie” 


and under edition should be “1st”. 


After ‘Rauch” and under publisher “Franckh’sche Verlag” should be 
“Franckh,” under edition should be “1st” and under year should be 
“1948”. 

“Schylze” should be “Schulze”, under edition should be “1st” and 
under year should be “1937”. 


After “Uhden” and under title “Forschritte” should be “ Fortschritte” 
and under edition should be “1st”. 
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After “Wallner” and under title “Hochwasservorhersage” should be 
“Hochwasservoraussage” and under edition should be “1st”. 


Corrections— Part III Periodicals— Foreign Language 


Page 10 “Reveu General” should be Revue Generale:. 


“Zeitschrift, Verein Deutcher Ingenieur: should be “Zeitschrift, 
Vereins Deutscher Ingenieure”. 
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DISCUSSION OF BACKWATER EFFECTS OF OPEN 
CHANNEL CONSTRICTIONS 
PROCEEDINGS—SEPARATE NO. 413 


HAROLD R. HENRY,! J.M. ASCE.—An orderly experimental approach to 
a long neglected problem has been presented by the authors in a paper which 
should eliminate the practice of computing bridge backwater by assuming that 
the elevation of the water surface at the most contracted stream section is 
the same as the elevation of the surface downstream from the diffusion 
reach. This assumption is equivalent to saying that the efficiency of diffusion 
is zero. 

The problem of determining the required bridge clearance or waterway 
area depends upon two principal factors, namely, the hydrology of the con- 
tributing drainage area from which the magnitude of the design flood will be 
derived and the hydraulics of the bridge site after construction of the bridge. 
This paper is a great step forward in the proper evaluation of the latter. 

In order to use the data presented by the authors, the stage of the design 
flood in the natural channel must also be known. Then the problem of deter- 
mining the correct clearance becomes one principally of evaluating the back- 
water caused by the bridge. Although the authors’ Figure 9 yields the back- 
water ratio for a given percent of contraction, the actual evaluation of the 
water surface elevation at Section 1 (see Figure 1) must involve a trial and 
error solution for Ah which is defined by the authors’ equation (1). A first 
‘rial assumption for Ah will give first trials for water surface elevations at 
Section 1 and 3 which in turn may be used to revise Ah, etc. A graphical 
solution based upon use of the specific energy and momentum curves indicates 
the possibility of eliminating this trial and error computation. 

It is significant that the backwater ratio is shown to be practically indepen- 
dent of the Froude number (Figures 6, 7 and 8) and to vary but little with 
roughness (Figure 10). However, the presentation of all the data in terms of 
this ratio tends to obscure the fact that the actual magnitude of the backwater 
increases considerably with Froude number and tends to convey the impres- 
sion without proper proof that the role of roughness in determining the magni- 
tude of backwater is minor. The graphical solution referred to above brings 
these facts to the fore and is amenable to inclusion of the effect of roughness 
and energy loss. 

In any analytical approach, graphical or otherwise, Section 4, downstream 
from the diffusion reach, is the control section. The depth at this section for 
bridge conditions is the same as for natural conditions and must be used as a 
starting point for the computations of all other depths or surface elevations. 
This fact is shown on the authors’ Figures 1 and 2. However, an exception 
occurs in the case when the percent of contraction is equal to or greater than 
the value necessary to cause flow at critical depth in the contracted stream. 
In this case, the control is at Section 2 where critical depth occurs and the 
solution must proceed from this known fact. The graphical solution allows 
rapid determination of the position of the control. 


1. Asst. Prof. of Civ. Eng., Michigan State College, East Lansing, Mich. 
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In the following discussion of the construction of the momentum and 
specific energy curves necessary for the backwater solution, the authors’ 
equations (4) and (5) have been generalized to apply to flow in a channel of 
arbitrary cross section with the requirement, however, that the channel 
sides be approximately vertical at the elevations for which the water surface 
variations are considered. For purposes of discussion it is also assumed 
that the natural channel is approximately constant in cross section between 
Sections 1 and 4. 

Equation (4) is based upon the premise that the pressure plus the flux of 
momentum at Section 2 is equal to the same sum at Section 4. This is true 
if the resistance force exerted by the channel walls and bottom on the fluid 
between the two sections may be neglected. Expressing this fact with depths 
placed in ratio to the critical mean depth ¥,, in the natural channel the 
following is obtained: 


#/Z) + - =M (a) 


in which y, is the distance from the surface to the centroid of the flow sec- 
tion, ¥ is the mean depth defined by ratio of area to top width, B is top 
width of flow section in the natural channel, by is the width of contracted 


stream, and M is the dimensionless momentum factor which is approximately 
equal at Sections 2 and 4. The ratio of Vg to the mean depth is characteristic 


of the shape of the channel. Its value is 0.5 for a rectangle, 0.542 fora 
semicircle, 0.6 for a parabola, and 0.667 fo1 a symmetrical vee. For the 
example presented herein the value 0.5 was used. The right hand group of 
curves in Figure A shows M plotted as abscissa against a limited practical 
range of depth ratio for contraction ratios B/by of 1, 2, 3 and 4. The sur- 


face elevation at Section 2 may be estimated by dropping a vertical line from 
the point on the uppermost curve which represents the depth at Section 4 to 
the curve representing the degree of contraction of the live stream at 
Section 2. 

The authors’ equation of specific energy (5) is based upon the assumption 
of no energy loss between Sections 1 and 2. The dimensionless expression 
for the arbitrary channel assumed herein is: 


where E is the specific energy which is approximately equal at Sections 1 and 
2. The left hand group of curves in Figure A shows specific energy plotted 
as abscissa against the depth ratio for contraction ratios 1, 2, 3 and4. The 
solution for the surface elevation at Section 1 proceeds by locating the depth 
at Section 2 (previously found from the momentum curves) on the specific 
energy curve representing the degree of contraction of the live jet and pro- 
jecting vertically to the uppermost curve which represents conditions at 
Section 1. This solution is the same as that given by the upper dashed line 
in the authors’ Figure 9 with the exception that the present solution gives the 
values of water surface elevations at Sections 2 and 1, thus eliminating the 
need for trial and error computations. 
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A brief inspection of Figure A shows that the magnitude of the backwater, 
defined as the difference in water surface elevation at Section 1 before and 
after the construction of the bridge, increases considerably with increase in 
Froude number (decrease in depth ratio). However, accompanying this in- 
crease in backwater is a decrease in surface elevation at Section 2 which 
works to keep the backwater ratio practically constant which is indicated by 
the authors’ measurements. 

Using the data given in the authors’ Figure 9 for the increase in the back- 
water ratio with increase in n, the probable effects of roughness on the mag- 
nitude of the backwater can be evaluated from Figure A. To obtain an ap- 
proximation of the true phenomenon let the effect of roughness be assumed 
to occur solely because of a decrease in momentum occasioned by boundary 
resistance between Sections 2 and 4. This assumption is indicated on Figure 
A for three selected depth ratios at Section 4, namely, 4.58, 4.08, and 3.80. 
The loss in momentum between Sections 2 and 4 necessary to give the in- 
creased backwater ratios for n = 0.012, 0.023 and 0.050 are shown by the 
slanting solid lines. For the conditions of downstream depth ratio of 4.08 and 
contraction ratios of 3 and 4, the magnitude of the backwater is shown by the 
vertical solid lines cutting the specific energy curves. It is noted that the in- 
crease in the backwater ratio is effected by a decrease in the depression of 
the water surface at Section 2 as well as by an increase in the elevation of the 
water surface at Section 1. 

For the purposes of comparison with the above assumption let it be as- 
sumed that the increase in backwater ratio with roughness as given in the 
authors’ Figure 9 is caused solely by a loss of energy between Sections 1 and 
2. For the selected downstream depth ratio of 4.08 and contraction ratios of 
3 and 4, the slanting dotted lines cutting the specific energy curves yield the 
magnitude of the backwater. Under this assumption the depression of the 
water surface at Section 2 does not change with n, hence, to yield the authors’ 
values of backwater ratio, the elevation of the water surface at Section 1 nwst 
be greater than under the former assumption. 

An indication of the proper solution for the magnitude of backwater, which 
lies somewhere between the two assumptions discussed above, may be ob- 
tained by approximating the actual energy loss between sections 1 and 2 by 
the method commonly used and given in reference (2) of the paper. This 
method takes the total decrease in energy as the sum of the loss in the ap- 
proach section and the loss through the bridge. The loss in the approach 
section is computed from the geometric mean of the friction slopes at Sec- 
tions 1 and 3. The following is a modification of equation (3) in reference (2) 
to yield a dimensionless expression for the head loss between Sections 1 and 
2 with the added assumptions that the approach length and the length of the 
abutments ave the same as the opening width b and that the hydraulic radius 
may be approximated by the mean depth: 


Preliminary computations with equation (c) yield such small values for the 
dimensionless head loss that they strengthen the validity of the assumption 
that the increase in backwater with roughness is caused primarily by a de- 
crease in momentum between Sections 2 and 4. It is interesting to note the 
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relative roughness ratio appearing in equation (c). Although the absolute 
roughness is usually sufficient for open channel computations, the role of 
relative roughness is more pronounced for large n’s and shallow depths as 
indicated by the variations of n with depth in the authors’ measurements for 
n = 0.050. 

The solid lines cutting the momentum curves in Figure A suggest that an 
empirica! law for the loss of momentum might be derived from original data. 
A guide to the determination of the loss in momentum is obtained by consider- 
ing the boundary resistance in uniform flow, which for a unit channe* length 
is wAS where § is the channel slope. This expression embodies the fact that 
the boundary resistance is equal in magnitude to the force of gravity in the 
direction of flow. For uniform or non-uniform flow the shearing stress 
exerted on the water by the sides and bottom of the channel is dependent on 
the velocity gradient at the boundary as well as the channel roughness. For 
uniform flow the effect of velocity and roughness may be considered by sub- 
stituting for S its equivalent from the Manning formula yielding wA (Q/K)2 
for the boundary resistance per unit length. As a first approximation let it be 
assumed that the mechanism of the boundary shearing stress in the expansion 
reach downstream from the bridge is such that it may be determined by the 
latter expression using the conveyance K of the active stream section only. 
Such an assumption leads to the following dimensionless expression for the 
total boundary force on the body a water between Sections 2 and 4: 


Where P is the dimensionless force to be added directly to the dimensionless 
momentum factor M, a is the distance downstream from the bridge within 
which the diffusion process occurs, X is the coordinate along the channel 
with origin at Section 2 and b’ is the variable width of the expanding stream. 
The above integral which embodies a statement of the characteristics of the 
size of the active stream during the diffusion process is probably a function 
of roughness and could be evaluated by laboratory measurements of the jet 
expansion. Computations assuming that the integral is not a function of n, 
i.e., that P varies only as n? with other things being equal, yield values of 
loss in momentum greater than that indicated by the authors’ measurements. 
It is noteworthy that the relative roughness appears in equation (d) again 
showing the importance of this quantity. 

It is hoped that original experimental data of the authors or others can be 
used to avaluate more accurately the loss in momentum between Sections 2 
and 4 facilitating the use of a chart similar to Figure A in solving directly 
for the magnitude of the backwater. 

The graphical approach also lends itself to consideration of an appreciable 
change in the elevation of the mean bottom between Sections 1 and 2. Sucha 
change is accompanied by a corresponding negative change of like magnitude 
in the specific energy. This may be easily taken into account in the use of 
Figure A. It also should be mentioned that a slight modification of the curves 
would permit rapid solution of the problem when the average surface width 
between Section 1 and the bridge is decidedly different from the average sur- 
face width between Sections 2 and 4. 
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DISCUSSION OF MORNING-GLORY SHAFT SPILLWAYS: 
PROTOTYPE BEHAVIOR 
PROCEEDINGS—SEPARATE NO. 431 


SYNOPSIS 


D. S. WALTER.*—With the recent completion of the Hungry Horse Project, 
located on the south fork of the Flathead River in Northwestern Montana, this 
discussion will be devoted to a description of that project with special em- 
phasis on the initial operating of the spillway. 


INTRODUCTION 


As mentioned briefly in Mr. Bradley’s paper 3 the Hungry Horse spillway 
is of bold design of the morning-glory type. Hydraulic model studies of the 
spillway were made on a 1:36 scale model for the purpose of developing the 
hydraulic design. The morning-glory spillway with adjustable ring gate crest 
structure which discharges into a tapered and sloping tunnel, presented un- 
usual and difficult hydraulic problems. From a hydraulic standpoint, it was 
recommended that an open channel entrance structure, similar to the Hoover 
Dam spillways, be utilized at the intake of the tunnel. However, structural 
limitations made the use of the morning-¢lory entrance more desirable. 

The Hungry Horse reservoir was filled to capacity the first year following 
completion of the dam, when water began flowing over the spillway crest on 
July 9, 1954. Initial operating tests were performed on July 13, 1954, with 
releases through the spillway up to a maximum of 30,000 cubic feet per 
second. Although the spillway was designed to pass a flow of 53,000 cubic 
feet per second, combined releases from the reservoir had to be controlled 
so as not to cause the river to exceed flood stage of 50,000 cubic feet per 
second at Columbia Falls, Montana. 


Description of the Project 


Hydrology 


Since the south fork of the Flathead River drains a high mountainous area 
of 1,640 square miles bounded on the east by the Continental Divide, which 
receives most of its precipitation through winter snowfall, the bulk of its 
flood waters is discharged during April, May, and June, with high water peak 
usually arriving in May. There is a wide variation between the maximum and 
minimum yield, varying from 3,500,000 acre-feet to 1,400,000 acre-feet, with 
the average being 2,350,000 acre-feet per year. In general, use of the spill- 
way will be required only when the reservoir is full in the spring and it is 
deemed advisable to draw down the reservoir level to reserve space for flood 
control. 


2. Regional Engineer, Bureau of Reclamation, Boise, Idaho 
3. Bradley, J. N., “Morning-Glory Shaft Spillways: Prototype Behavior.” 
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Hungry Horse Dam is a variable-thickness, concrete arch dam 2,115 feet 
long at the crest with a maximum height of 564 feet. Containing 2,935,000 q 
cubic yards of concrete, it ranks fourth in the United States in volume, ex- q 
ceeded only by Grand Coulee, Shasta, and Hoover Dams. The reservoir has q 
a capacity of 3,468,000 acre-feet of which 2,982,000 acre-feet is active stor- q 
age for power generation. 


Outlet Works 


Three 96-inch diameter outlet pipes are provided to regulate downstream 
water requirements and to permit rapid lowering of the reservoir for flood 
control. Discharge through the outlet pipes is controlled by hollow-jet valves 
in the valve house and ring-follower gates located in the foundation of the 
power plant. The maximum capacity of the outlet works is 14,400 cubic feet 
per second with full reservoir. 


Power Plant 


The powerhouse is located at the toe of the dam in the original river chan- 
nel and accommodates four main generating units. Each unit consists of a 
75,000-kva generator driven by a 105,000-horsepower turbine. With full 
reservoir, each turbine requires a flow of slightly over 2,000 cubic feet per 
second. 


Spillway 


The outstanding hydraulic appurtenance of Hungry Horse Dam is the 
morning-glory type of spillway as shown in Figure 1. Located on the right 
abutment, the spillway consists of a concrete-lined tunnel with a 64-foot by a 
12-foot steel ring gate installed in the top of the morning-glory structure. q 
The gate is a buoyant vessel that floats with about 9 feet of freeboard in the ] 
water of the concrete gate chamber. The crest of the gate can be raised or 
lowered a distance of 12 feet by the operation of valves which balance the in- 
flow and outflow of water in the gate chamber. An automatic control system 
maintains the water at any preset elevation and manual control is provided 
for emergency operation. Air is supplied to the undernappe of the flow 
through the morning-glory by means of nine 8-inch standard pipes which 
terminate in a triangular-shaped air chamber encircling the structure. A 
6-foot-square air inlet tunnel opening to the atmosphere provides air for the 
air chamber and also to an opening in the crown of the tunnel just below the 
throat. 

The throat, or base of the converging section of the morning-glory, is 37 
feet in diameter, tapering to a diameter of 34.79 feet at the upstream end of 
the inclined tunnel. The incline has a total vertical drop of 341.3 feet and 
tapers to a diameter of 24.5 feet at the downstream end. A vertical bend con- 
nects the inclined tunnel to the nearly horizontal tunnel which continues to the 
outlet portal on a slope of 0.0019. The tunnel is 24.5 feet in diameter through- 
out the lower bend and for a distance of 219.25 feet downstream, then is trans- 
formed through a 166-foot-long transition section to a 31-foot diameter horse- q 
shoe tunnel. The downstream end of the spillway floor is raised 13.5 feet by a 
a long radius curve and forms a vertical deflector which raises the high- 
velocity jet above the river tailwater and allows the jet to drop into the river ' 
a safe distance from the structure. Thus, from the spillway crest to the in- q 
vert of the tunnel at the outlet portal, the spillway discharge drops a vertical 
distance of 487 feet in a horizontal distance of 1,402.09 feet. 
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Precautions Taken During Construction 


In order to avoid, so far as possible, a recurrence of the erosion ex- 
perienced in the Arizona spillway tunnel at Hoover Dam, several precaution- 
ary measures were taken during construction of Hungry Horse spillway to 
assure accurate alignment, smooth concrete surfaces, and elimination of 
construction joints in the vertical curve and deflector sections. After place- 
ment of the tunnel lining, the surrounding rock was thoroughly grouted using 
pressures varying between 125 and 150 pounds per square inch. 
In the upper portion of the inclined tunnel, all abrupt irregularities in the 
concrete lining were completely eliminated by grinding on a bevel of 1 to 50 
ratio of height to length. For the remainder of the tunnel, abrupt irregulari- = 
ties were completely eliminated by grinding on a bevel of 1:100 ratio of 
height to length. A special finish was given to the concrete surface of the 
vertical curve below the center line of the tunnel. After removal of irregu- 
larities by grinding, the surface was thoroughly sandblasted so as to pene- 
trate the small surface voids and completely etch the surface. After washing i. 
to remove all loose material, mortar was applied by hand stoning with a fine- 
grit carborundum stone in sufficient quantity to fill all surface voids. Stoning 
was continued until the surface was smooth and practically dry, so as to pro- hy 
duce a relatively thin mortar coating which barely covered the high points of 
the original surface. After the mortar had water cured for at least 7 days, 
the surface was carefully smoothed by final grinding. 
Special precautionary measures were taken during construction of the verti- ee 
cal bend and deflector sections of the spillway. The concrete in these sections 
was placed without construction joints and was cooled by pumping river water fc 
through tubing embedded in the concrete. The purpose was to hold down the % 


temperature rise as much as possible the first week after placement, so that . 
the concrete in these critical sections of lining would not undergo large tem- als 
perature variations, and, therefore, could be placed without construction ne 


joints and without development of objectionable cracks. 


Spillway Operation Tests 


In order to test the spillway and also to determine the extent of river chan- Ll 
nel improvement work that will be required below Hungry Horse Dam in the - 
future, the spillway was initially placed in operation on July 13, 1954. The oe 
tests were conducted under the supervision of Louis Puls,4 with actual opera- : 
tions being performed under the guidance of Chief Power Plant Operator | 


Charles Simmonds. 

Prior to starting the spillway tests, the reservoir level was at elevation a 
3560.5, resulting in 6 inches of water flowing over the crest of the 64-foot = 
diameter ring gate which was in the maximum raised position. iad 

During the tests, observations were made at the spillway inlet or : 
morning-glory and at the tailrace for the following conditions: 


4. Puls, Louis George A.M. ASCE. Engineer, Bureau of Reclamation, . 
Denver, Colorado. 
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Reservoir Release 


Test Noe! Spillway tQutlet Works ' Power Plant! Total 


1 ' 2,000 cfs ' ' 8,100 cfs ' 10,100 cfs 
2 ' 5,000 cfs ' ' 8,100 cfs ' 13,100 cfs 
3 ' 10,000 cfs ' ' 8,100 cfs ' 18,100 cfs 
4 * 10,000 cfs ' 3,000 cfs ' 8,100 cfs ' 21,100 cfs 
5 ' 10,000 cfs ' 6,000 cfs ' 8,100 cfs ' 24,100 cfs 
6 ' 15,000 cfs ' ' 8,100 cfs * 23,100 cfs 
7 ' 20,000 cfs ! ' 8,100 cfs ' 28,100 cfs 
8 30,000 cfs ' 30,000 cfs 


For each gate setting, the following observations were made: 


. Elevation of gate crest. 

. Elevation of reservoir level. 

. Air intake velocity. 

. Elevation of tailrace above power plant weir. 

. Elevation of tailrace downstream from power plant weir. 

. Pressure readings in morning-glory and throat of spillway tunnel. 


aah 


The above readings and other pertinent data are currently being studied 
in the Chief Engineers’ office of the Bureau of Reclamation for comparison 
of the prototype behavior with the model. It is unfortunate that this informa- 
tion cannot be made available until after the study has been completed. 

As the gate was slowly lowered, some sp:ray emerged from the morning- 
glory opening when the head over the crest reached about one foot. However, 
as the head increased, the spray decreased in intensity, as in the case of the 
Owyhee Dam morning-glory spillway. It was noted that the minimum flow 
required in the tunnel to cause the flow to spring free of the deflector was 
between 1,000 and 1,500 cubic feet per second. 


Figure 2 shows the morning-glory structure prior to the time the reservoir 


was filled. Figures 3, 4, and 5 show the flow characteristics of the spillway 
when the discharge reached 30,000 cubic feet per second. It is interesting to 
note that, during this high flow through the spillway, the velocity of air into 
the air inlet tunnel measured nearly 4,000 feet per minute. 

In order to observe tailrace conditions with both the spillway and outlet 
works in operation, two of the hollow-jet valves were opened to discharge 
about 3,000 cubic feet per second each, in combination with a release of 
10,000 cubic feet per second from the spillway. Under these conditions, the 
water in the river was drawn down 20 feet below the level of the power plant 
tailrace. This same condition existed during the model tests and resulted in 
the construction of a concrete weir across the river channel to assure ade- 
quate head on the draft tubes of the power plant during operation of the spill- 
way and outlet works. 

Some erosion occurred in the river channel during the tests, forming a 
gravel bar about 1,400 feet downstream from the powerhouse. This bar will 
be removed when channel improvement work is performed and no further 
erosion is anticipated. 


CONCLUSIONS 


All in all, the initial operation of the Hungry Horse spillway was entirely 
satisfactory in all respects. 
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FRED W. BLAISDELL, ! M. ASCE.—This comparison of both model and 
prototype performance of a spillway and its stilling basin is extremely 
interesting. Confidence in the use of model studies for the experimental 
design of morning-glory spillways cannot help but be strengthened as a re- 
sult of this paper. For a number of years the writer has been concerned with 
the performance of this general type of structure. Comments will be made 
on a number of points mentioned by Mr. Peterka. 

If the tunnel had been 11 feet in diameter instead of 14 feet in diameter, 
it seems likely that it could be “expected” to flow full instead of “unexpectedly” 
filling when the deflector was not used. Presumably, as is implied in Figure 
2, the tunnel dimensions were fixed by the diversion requirements; the tunnel 
subsequently being adapted for spillway use. This would, of course, limit the 
laboratory staff in recommending changes in the tunnel size. The use of the 
deflector at the base of the vertical shaft provides a nice solution to the prob- 
lem as it exists. It also provides a definite point for the calculation of the 
head on the spillway for the submerged condition. It is apparent from Mr. 
Peterka’s comments that this point would have been difficult to determine ac- 
curately with the tunnel partly full and would shift from the vertical bend to 
the tunnel exit at different times if the deflector had not been utilized. 

It is the writer’s experience that the use of some type of anti-vortex de- 
vice is an absolute necessity if the spillway is to operate submerged. The 
anti-vortex device can be the pier type employed on the Heart Butte spillway, 
although other types are also effective. The height of the piers is only 1.3 
shaft diameters. For other types of spillway entrance, such as a uniformly- 
sized pipe on a small spillway, the anti-vortex piers might have to be some- 
what higher to prevent vortex formation. 

Mr. Peterka notes that no spray was observed to emerge from the glory 
hole. This may be because the tunnel outlet is not submerged. If the outlet 
were submerged, air could accumulate in the tunnel and eventually blow back 
through the inlet or be discharged violently through the outlet. 

Some comments on the transition from the circular tunnel to the rectangular 
flow section approaching the stilling basin may be in order. 

From Figures 6 and 9, it appears that the tunnel flows about half full. If 
the tunnel had been full it would have been necessary to include conical fillets 
in the upper half of the tunnel exit as well as in the lower half. 

It seems likely that the sidewall flare could have been started at the up- 
stream end of the transition, resulting in some shortening of the outlet. In 
this case the fillets would be segments of oblique cones instead of the seg- 
ments of right cones used at Heart Butte. This arrangement has been success- 
fully employed by the writer. 

The sidewall flare seems quite rapid. In fact, it is about twice the flare 
the writer would have thought would be acceptable. One reason it is acceptable 
here is undoubtedly due to the use of guide walls. The point to be made is that 
this sidewall fiare should not be used in other installations unless model tests 
are made to check the design. 

The use of a horizontal floor to help spread the flow has also been employed 
by the writer. It is pressure on the floor that spreads the water and there can 


1. Project Supervisor, Agri. Research Service, U. S. Dept. of Agriculture, 
St. Anthony Falls Hydraulic Laboratory, Minneapolis, Minn. 

2. *Flow Through Diverging Open-Channel Transitions at Super-critical 
Velocities,” by Fred W. Blaisdell, U. S. Department of Agriculture, Soil 
Conservation Service, Washington, D. C., SCS-TP-76, April, 1949. 
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be no pressure on the floor if the floor profile has the same shape as the 
trajectory of the free-falling stream. Therefore, there will be no pressure 
on the floor if the flow enters the trajectory curve at the point where the 
sidewall flare begins. Consequently, there can be no spreading unless a flat 
floor, similar to that used at Heart Butte, is used. 

The writer and his associates have repeatedly checked the comment by 
Mr. Peterka that erosion is less severe on the channel bed than on the chan- 
nel banks. This assumes, of course, a well-designed stilling basin. They 
have also found that a flaring wingwall, triangular in elevation, provides suf- 
ficient protection so that sand in back of the model wingwalls stands at its 
angle of repose. There is usually a little local widening of the downstream 
channel near the stilling basin. Ordinarily it is felt that this can be tolerated 
and that riprap protection is not economically warranted. However, wave 
wash or beaching, mentioned by Mr. Peterka, is a problem and some bank 
protection may be required in the vicinity of the water surface. Wave wash 
was apparently the major damage observed at Heart Butte, although there it 
was unsightly rather than dangerous to the safety of the structure. 

One wonders why, when the model tests have shown that no damaging 
erosion will occur in the channel bed, that riprap is used there. Is it a prac- 
tice carried over from the time when less efficient stilling basins made the 
riprap necessary? If so, it is a wasteful practice still adhered to by many 
engineers. 

The necessity for the best possible determination of the tailwater elevation 
is vividly brought out by Mr. Peterka, since this determines the elevation of 
the stilling basin floor and insures the satisfactory performance of the still- 
ing basin. Comments by Mr. Peterka attempting to explain the large differ- 
ences between the computed and observed tailwater elevations in the Heart 
River might be helpful to others faced with similar problems. 

Frank evaluations such as are presented in this paper appear in print all 
too seldom in spite of their great value in engendering confidence in the good 
points of a design or design method and pointing out pitfalls to be avoided. 


R. E. BALLESTER.!—The new San Roque dam in Cordoba Argentina, a 
rey "omits dam to protect the city of Cordoba from floods was proposed 
in 1930. 

A morning-glory shaft spillway was designed to adjust the discharge from 
the reservoir to the capacity of the river channel at the city, without any gate 
or mechanism for operation. 

Construction was started in 1940 and at this time a study on models was 
made to extablish the best dimensions of the entrance and shaft and to deter- 
mine pressures and discharges. The results obtained from the model studies? 
were applied to the construction. 

From the model tests was selected the best form of entrance to the shaft 
in order to prevent the ocurrence of a vortex, that reduces the discharge of 
the whole structure with an unnecessary increase of level of the reservoir 
and that provokes objectionable vibrations. Special attention was given to ob- 
tain the submerged flow operation with the less head over the weir still. 


1. Consulting Hydraulic Engineer, Buenos Aires, Arg. 

2. R. E. Ballester, C. A. Volpi, A. Sudrez. Dique San Roque, “La Ingenier{a”, 
Buenos Aires, August to October 1930. pp.: 298/320, 350/385, 394/427, 
and 463/492. 

3. R. J. Perazzo, Dique San Roque. Estudios con Modelos Reducidos del 
Pozo-vertedero. La Ingenieria, Buenos Airea, October and November 
1941, pp.: 1036 y 1114.— 
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Pressures registered on the model conducted to install an air vent pipe of 
20 inches diameter from the inner curve of the 90° bend. 

The principal dimensions of the spillway are given on Fig. X. The shaft 
is 4.00 m. (13.1 ft) diameter with a maximum discharge of 283 cubic meters 
per second (10 000 sec. ft) with 40.0 m. total head (131 ft). Of this head, 

7.70 m (25.3 ft.) is over the spillway lip. With small heads up to 1.80 m 
(6.0 ft) it works with air entrainment. At this head it must start to work sub- 
merged with a discharge of 9 200 sec. ft. 

Construction of the dam was finished in 1944. On December 1952 the 
morning-glory spillway worked for the first time but with a small head of 
0.5 ft. On April 24, 1954 worked again with a maximum head of 1.35 ft, 
discharging 920 sec. ft. This discharge is only ten per cent of the maximum 
capacity. The volume discharged in ten days of operation was about 4 050 
acre-feet. 

These discharges and volumes are too small to obtain conclusions on the 
behaviour of the structure. The largest floods entering the reservoir in 1903 
and 1923, before the construction of the new dam have not been registered 
again. 


J. W. RIDLEY!—The information which Mr. Bradley has collected and 
presented is extremely valuable and it is gratifying to know that the morning- 
glory spillway can now be regarded as a sound hydraulic structure. 

As far as the Manuherikia Falis spillway in New Zealand is concerned it 
might be interesting to know that because of the necessity for increased 
storage it is proposed to raise the retention level of the Falls spillway by 2 
feet. This is being done by constructing a small concrete weir on the outer 
lip of the spillway. Normally we would have been somewhat reluctant to 
make such an alteration without further model testing, but in the light of the 
information presented by Mr. Bradley, particularly as regards gate operation 
at Owhyee, we should have no difficulty in discharging water at the higher 
head. 

Since the data on Manuherikia was submitted to Mr. Bradley the spillway 
has again operated at minor flows. There was nothing further to report ex- 
cept that erosion of the construction joints at the morning-glory crest is 
getting progressively worse, due mainly to frost action, and it will be neces- 
sary to repair these joints when the concrete weir is added. 

One point on which an expression of opinion might be worthwhile is the need 
or otherwise for directing piers or vanes. Piers were included at Manuherikia 
because of the asymmetrical flow conditions as shown by the model. However, 
it is apparent that many morning-glory structures have no guiding piers and 
with apparently no adverse effects. Owhyee is a case in point where the 
spillway is asymmetrically placed with respect to topography and adjacent 
structures yet its operation appears to be quite satisfactory. On the other 
hand Davis Bridge has 16 guiding piers. Perhaps Mr. Bradley would care to 
comment on this aspect of the design. 


1. Asst. Designing Engr., Ministry of Works, Wellington, New Zealand. 
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DISCUSSION OF MORNING-GLORY SHAFT SPILLWAYS: 
PERFORMANCE TESTS ON PROTOTYPE AND MODEL 
PROCEEDINGS—SEPARATE NO. 433 


FRED W. BLAISDELL, ! M. ASCE.—Mr. Bradley’s paper discusses the 
prototype performance of one form of the closed conduit type of spillway. 
The hydraulics of this type of spillway have been presented by the writer in 
a paper published earlier.2 This explains his interest in Mr. Bradley’s 
paper. 

The writer has been concerned with closed conduit spillways since 1940. 
This work has involved both laboratory tests and the inspection of field 
structures ranging in size from 8-inch diameter pipe to spillways having 
twin barrels 6-feet square. These are small in comparison to the morning- 
glory closed conduit spillways discussed by Mr. Bradley, but since the Soil 
Conservation Service, with which the writer was associated for some 18 
years, probably builds well over a thousand closed conduit spillways each 
year, the statistical opportunity to observe the characteristics of these spill- 
ways is better than for the fewer large-size morning-glory spillways. 

The ability of the closed conduit spillway to knock the peak off the flood 


hydrograph is an important attribute. The peak outflow of 3800 cfs reported 


by Mr. Bradley for the Heart Butte spillway is only 16 per cent of the peak 
inflow. This large reduction in the peak flow is not uncommon for the closed 
conduit spillway. The reduction of the peak outflow to only 3 per cent of the 
peak inflow at the Shade Hill spillway reflects what must be an excellent site. 

It should be realized that the planned operation of closed conduit spillways 
in the submerged range calls for engineering of the highest order because of 
the limited capacity inherent in this spillway. Not only the peak inflow to the 
reservoir is required; the complete inflow hydrograph is required so that the 
flood can be routed through the reservoir and sufficient volume of storage 
provided to take care of the detained run-off. M. M. Culp, A.M. ASCE, has 
discussed some of the factors involved.3 

An emergency spillway, such as is used on the Pontian Ketchil and Shade 
Hill Dams, is certainly a wise precaution. This is more important when the 
spillway operates submerged than for unsubmerged operation where the dis- 
charge changes more rapidly with the head. For the small spillways built 
under the direction of the Soil Conservation Service, the emergency spillway 
is frequently lined with vegetation with the expectation that this type of spill- 
way will be adequate for the infrequent peak flows—of short duration on these 
relatively small watersheds— which exceed the designed capacity of the 
closed conduit spillway. 


1. Project Supervisor, Agri. Research Service, U. S. Dept. of Agriculture, 


St. Anthony Falls Hydraulic Laboratory, Minneapolis, Minn. 

2. “Hydraulic Fundamentals of Closed Conduit Spillways,” by Fred W. 
Blaisdell, Proceedings, American Society of Civil Engineers, Vol. 79, 
Separate No. 354, November, 1953. 

3. “The Effect of Spillway Storage on the Design of Upstream Reservoirs,” 
by M. M. Culp, Agricultural Engineering, Vol. 29, No. 8, August, 1948, 
pp. 344-346. 
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In contrast to the almost complete lack of trash difficulties reported by 
Mr. Bradley, trash is likely to clog the relatively small soil and water 
conservation spillways. Therefore, the emergency spillway is necessary to 
protect against overtopping of the dam from clogging. The writer has ob- 
served many types of trash racks under field conditions and has arrived at 
some opinions regarding these unattended racks: (a) All possible material 
should be permitted to pass through the spillway in order to delay clogging 
of the trash rack as long as possible. Therefore, the openings in the trash 
rack should be as large as feasible. (b) Trash racks should not be located on 
or close to the closed conduit spillway crest. The velocities there are high, 
the trash packs tightly, and the rack soon becomes a dam rather than a 
strainer. (c) Timely maintenance is essential—something that often seems 
to be neglected. (d) The best trash rack for small closed conduit spillways 
a observed by the writer has been one constructed of woven wire fencing, 

# located well away from the inlet where velocities are low and packing of the 
trash is minimized, and having a relatively long length so that the low veloci- 
ties can be achieved. 

Some device to inhibit vortex action should be employed on all closed 
conduit spillways. The writer has observed reductions in spillway nen rend 
up to 44 per cent as a result of vortex action and Binnie and Hookings* have 


a reported reductions up to 90 per cent for plain pipe entrances and up to 74 
per cent on modeis of bell- mouth spillways. Of the vortex inhibiters tested 
3 by the writer, the dividing wall employed on the Burnhope and Jubilee dams 


has satisfactorily controlled vortex formation. The cross walls shouid be 
oriented with the approaching flow. It is not necessary that they be parallel 
to the axis of the discharge tunnel. An excellent picture of a vortex on a field 
structure was published by L. Standish Hall, M. ASCE, in 1942.5 Uncovered 
piers, which are common on the spillways reported on by Mr. Bradley, have 
not been tested by the writer. However, a cover supported on three piers 
having a height about equal to the depth of initiation of submerged flow gave 
very good performance. 
Tentatively, the writer suggests that anti-vortex piers or walls be two 
shaft diameters high. This is somewhat higher than the 1.3 diameter height 
of the Heart Butte piers and the 0.8 diameter height of the Shade Hill piers. 
ae However, the vortex reported over the Shade Hill spillway is evidence that 
the piers may be a little low. Another uninvestigated factor that may govern 
the pier height is the shape of the entrance: the converging morning-glory 
entrance may require a smaller pier height than the straight entrances used 
by the writer in his tests. At a spillway tested at the Stillwater Outdoor 
Hydraulic Laboratory,® small vortices were observed that increased in in- 
tensity as the total head decreased, resulting in some decrease in spillway 
capacity. Practically no vibration was detected in spite of the fact that suck- 
ing of air through the vortex was audible some distance away. Mr. Ree re- 
ports, “Vibration was noticed only during part-full flows when the straight 


4. “Laboratory Experiments on Whirlpools,” by A. M. Binnie and G. A. 
Hookings, Proceedings, Royal Society of London, Series A, Vol. 194, 1948, 

pp. 398-415. 

a 5. “Drop Structures for Erosion Control,” by L. Standish Hall, Civil 
Engineering, Vol. 12, No. 5 May, 1942, pp. 247-250. 

6. “Hydraulic Tests of a Pipe Outlet Spillway,” by W. O. Ree, U. S. Depart- 
ment of Agriculture, Agricultural Research Service, Stillwater Outdoor 
Hydraulic Laboratory, Stillwater, Oklahoma, February, 1954, (Unpublished). 
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inlet (culvert entrance) was ‘gulping’ air; and then it was felt just when stand- 
ing on the head wall of the inlet structure. The feeling was not of vibration 
but of slight shocks due to the pulsations or surges of the flow.” 

When describing the Owyhee Dam, Mr. Bradley comments on spray 
caused by air entrainment. This air is suddenly released through the inlet 
at 1-foot to 2-foot heads on the gate and through the outlet at higher heads. 
Apparently Owyhee is the only spillway having a submerged outlet. This is 
presumably the reason for the phenomena reported. The writer has observed 
many models in operation but has never observed the air blow-back if the out- 
let was not submerged. In fact, the air sucked in with the water up to the 
point where inlet submergence occurs always passed through the conduit 
without difficulty. Above the point of inlet submergence, only negligible 
amounts of air enter the spillway through small vortices and this air passes 
through the spillway as a mixture. 

Spillways of the closed conduit type have unique flood control character- 
istics that can be used advantageously in many cases. Their more frequent 
use attests to the fact that engineers are recognizing these advantages. 
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PROC EEDINGS-SEPARATES 


The technical papers published in the past year are presented below. Technical-division sponsorship is indicated by an 
abbreviation at the end of each Separate Number, the symbols referring to: Air Transport (AT), City Planning (CP), Con- 
struction (CO), Engineering Mechanics (EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), 
Sanitary Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Water- 
ways (WW) divisions, For titles and order coupons, refer to the appropriate issue of “Civil Engineering” or write for a 
cumulative price list, 


VOLUME 79 (1953) 

NOVEMBER: 321(ST), 322(ST), 323(SM), 324(SM), 325(SM), 326(SM), 327(SM), 328(SM), 329(HW), 330(EM)*, 331(EM)®, 
332(EM)®, 333(EM)°, 334(EM), 335(SA), 336(SA), 337(SA), 338(SA), 339(SA), 340(SA), 341(SA), 342(CO), 343(ST), 344(ST), 
$45(ST), 346(IR), 347(IR), 348(CO), 349(ST), 350(HW), 351(HW), 352(SA), 353(SU), 354(HY), 355(PO), 356(CO), 357(HW), 
358(HY). 


DECEMBER: 359(AT), 360(SM), 361(HY), 362(HY), 363(SM), 364(HY), 365(HY), 366(HY), 367(SU)°, 368(WW)°, 369(IR), 
370(AT)°, 371(SM)°, 372(CO)*, 373(ST)°, 974(EM)°, 375(EM), 376(EM), 377(SA)°, 378(PO)°. 


VOLUME 80 (1954) 


JANUARY: 379(SM)°, 380(HY), 381(HY), 382(HY), 383(HY), 384(HY)°, 385(SM), 386(SM), 387(EM), 388(SA), 389(SU)°, 390(HY), 
391(IR)©, 392(SA), 393(SU), 394(AT), 395(SA)©, 396(EM)°, 397(ST)°, 


FEBRUARY: 398(IR)4, 399(SA)4, 400(CO)4, 401’SM)°, 402(AT)4, 403(AT)4, 404(IR) 4, 405(PO)4, 406(AT)4, 407(sU)4, 408(su)4, 
409(wW ¥)4, 410(AT)4, 411(SA)4, 412(PO)4, 413(HY)4, 


MARCH: 414(ww)4, 415(sU)4, 416(sMm)%, 417(SM)4, 418(AT)4, 419(SA)4, 420(SA)4, 421(AT)4, 422(SA)¢, 423(CP)4, 424(AT)4, 
425(SM)4, 426(IR)4, 427(ww)4, 


APRIL: 428(HY)°, 429(EM)°, 430(ST), 431(HY), 432(HY), 433(HY), 434(ST), 
MAY: 435(SM), 436(CP)°, 437(HY)°, 438(HY), 439(HY), 440(ST), 441(ST), 442(SA), 443(SA). 


JUNE: 444(SM)®, 445(SM)®, 446(ST)®, 447(ST)®, 448(ST)®, 449(ST)®, 450(ST)®, 451(ST)®, 452(SA)®, 453(SA)®, 454(SA)®, 
455(SA)®, 456(SM)®. 


JULY: 457(AT), 458(AT), 459(AT)°, 460(IR), 461(IR), 462(IR), 463(IR)©, 464(PO), 465(PO)°. 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 475(SM), 476(SM), 477(SM), 
478(SM)°, 479(HY)©, 480(ST)°, 481(SA)°, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 4S7(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)°, 492(SA), 493(SA), 494(SA), 
495(SA), 496(SA), 497(SA), 498(SA), 499(HW), 500(HW), 501(HW)°, 502(WW), 503(WW), 504(WW)°, 505(CO), 506(CO)°, 
507(CP), 508(CP), 508(CP), 510(CP), 511(CP). 


OCTOBER: 512(SM), 513(SM), 514(SM), 515(SM), 516(SM), 517(PO), 518(SM)°, 519(IR), 520(IR), 521(IR), 522(IR)°, 523(AT)°, 
524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 530(EM)°, 531(EM), 532(EM)°, 533(PO). 


NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 543(ST), 544(ST), 545(SA), 
546(SA), 547(SA), 548(SM), 549(SM), 550(SM), 551(SM), 552(SA), 553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 


a. Presented at the New York (N.Y.) Convention of the Society in October, 1953. 
c. Discussion of several papers, grouped by Divisions, 

d. Presented at the Atlanta (Ga.) Convention of the Society in February, 1954. 
e. Presented at the Atlantic City (N.J.) Convention in June, 1954. 
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